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Abstract
Background: Interest in how to implement evidence-based practices into routine health care has never
been greater. Primary care faces challenges in managing the increasing burden of chronic disease in an
ageing population. Reliable prescriptions for translating knowledge into practice, however, remain elusive,
despite intense research and publication activity. This study seeks to explore this dilemma in general
practice by challenging the current way of thinking about healthcare improvement and asking what can be
learned by looking at change through a complexity lens. Methods. This paper reports the local level of an
embedded case study of organisational change for better chronic illness care over more than a decade.
We used interviews, document review and direct observation to explore how improved chronic illness care
developed in one practice. This formed a critical case to compare, using pattern matching logic, to the
common prescription for local implementation of best evidence and a rival explanation drawn from
complexity sciences interpreted through modern sociology and psychology. Results: The practice
changed continuously over more than a decade to deliver better chronic illness care in line with research
findings and policy initiatives - re-designing care processes, developing community linkages, supporting
patient self-management, using guidelines and clinical information systems, and integrating nurses into
the practice team. None of these improvements was designed and implemented according to an explicit
plan in response to a documented gap in chronic disease care. The process that led to high quality
chronic illness care exhibited clear complexity elements of co-evolution, non-linearity, self-organisation,
emergence and edge of chaos dynamics in a network of agents and relationships where a stable yet
evolving way of organizing emerged from local level communicative interaction, power relating and values
based choices. Conclusions: The current discourse of implementation science as planned system change
did not match organisational reality in this critical case of improvement in general practice. Complexity
concepts translated in human terms as complex responsive processes of relating fit the pattern of
change more accurately. They do not provide just another fashionable blueprint for change but inform
how researchers, policymakers and providers participate in improving healthcare. 2013 Booth et al.;
licensee BioMed Central Ltd.
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Abstract
Background: Interest in how to implement evidence-based practices into routine health care has never been
greater. Primary care faces challenges in managing the increasing burden of chronic disease in an ageing
population. Reliable prescriptions for translating knowledge into practice, however, remain elusive, despite intense
research and publication activity. This study seeks to explore this dilemma in general practice by challenging the
current way of thinking about healthcare improvement and asking what can be learned by looking at change
through a complexity lens.
Methods: This paper reports the local level of an embedded case study of organisational change for better chronic
illness care over more than a decade. We used interviews, document review and direct observation to explore how
improved chronic illness care developed in one practice. This formed a critical case to compare, using pattern
matching logic, to the common prescription for local implementation of best evidence and a rival explanation
drawn from complexity sciences interpreted through modern sociology and psychology.
Results : The practice changed continuously over more than a decade to deliver better chronic illness care in line
with research findings and policy initiatives – re-designing care processes, developing community linkages,
supporting patient self-management, using guidelines and clinical information systems, and integrating nurses into
the practice team. None of these improvements was designed and implemented according to an explicit plan in
response to a documented gap in chronic disease care. The process that led to high quality chronic illness care
exhibited clear complexity elements of co-evolution, non-linearity, self-organisation, emergence and edge of chaos
dynamics in a network of agents and relationships where a stable yet evolving way of organizing emerged from
local level communicative interaction, power relating and values based choices.
Conclusions: The current discourse of implementation science as planned system change did not match
organisational reality in this critical case of improvement in general practice. Complexity concepts translated in
human terms as complex responsive processes of relating fit the pattern of change more accurately. They do not
provide just another fashionable blueprint for change but inform how researchers, policymakers and providers
participate in improving healthcare.
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Background
Changing population demographics, evolving disease patterns and new research findings, exert unremitting pressure for change in health care, demanding reliable ways
for continual improvement. General Practice, for example,
which evolved in response to acute, episodic illness, must
now respond to increasing prevalence of chronic illness
and to research suggesting better outcomes when primary
care is organized according to a chronic care model [1].
The quest for a quality improvement “magic bullet” [2]
has been accelerating for 20 or more years and the source
domain for effective change methods has broadened from
education (undergraduate, vocational and continuing) to
include social theory (peer influence and opinion leaders),
cognitive approaches (guideline development) and organizational management theory (total quality management,
system change) [3-5]. A number of policy-level “thinktanks” have been held and reported in major medical
journals [6-8]. Even naming this area is contested: implementation science, adoption, quality improvement, dissemination, complex intervention and knowledge translation
[9-11]. Yet the intense research and publication activity has
not resulted in reliable prescriptions for success [12-14].
There has been little advance on the “modest to moderate
improvements in care” observed in systematic review of
different strategies for implementing change which led to
the conclusion that there is an “imperfect evidence base”
available to guide efforts for improving care [15].
This paper seeks to challenge the dominant discourse in
this area of interest. We look at one common prescription
for local implementation of best evidence and offer another
perspective on how change might occur, then examine reallife experience to test both explanations. As we do this, we
also seek to explore what can be learned by thinking within
a complexity paradigm about change and improvement in
the organisational context of general practice.
The dominant discourse in healthcare improvement:
planned system change

Implementation science promotes methods influenced
by systems thinking [16], particularly cybernetic systems,
developed in the 1950s: “self-regulating, goal-directed
systems adapting to their environment” [17]. The first step
is to focus on one area where there is evidence for better
practice – the desired “state” for “the system” – and to
identify any “evidence – practice gap” in structures, processes or outcomes [18]. The next steps identify existing
and potential barriers and facilitators for change in the desired direction [19]; design and implement an intervention
(simple or multi-factorial); and then monitor and evaluate
achievement towards closing the “evidence – practice
gap”. Plan-Do-Study-Act cycles [20] are one example of a
small scale quality improvement technique based on systems approaches of organizational learning.
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The thinking is linear, where multiple variables contribute differentially in measurable ways to determine a
measurable outcome. It is also analytic, to explore these
independent variables to build up a picture of what comprises “the system” and how these interactions work; and
reductionist, by focusing on specific and measurable parts.
Once identified and understood, component parts and
their interactions are assumed to remain constant (controlled) while others are modified so that predictable
results of interventions can be expected. This mental
model leads to mechanistic ways of speaking. For example,
Shojania and Grimshaw [21] talk about identifying factors
driving provider and organisational change, while Leykum
et al. [14] speak of designing interventions to leverage improvement. Overall, the goal is to incorporate research into
routine practice in a timely and reliable fashion. The key
elements of the method are design, control and predictability: understanding the design and changing it in controlled
ways in order to achieve predictable outcomes. This is
done by objective “managers” from outside “the system”.
How would a practice develop better chronic disease
management using planned system change?

Evidence for a better way of doing chronic illness care
[1,22] would prompt an evaluation of the practice using
an instrument such as the Assessment of Chronic Illness
Care (ACIC) developed for this purpose [23]. Next, one
or several clearly defined aspects of care would be
chosen as the focus for change, based on explicit criteria
such as seriousness of the gap, potential for health gains,
political priority, or being more amenable to change.
This bounded area of practice would be examined in detail
to explore barriers and facilitators for change, looking at
matters of staffing, information systems, culture, financial
resources etc. Next would be planning one or a sequence
of interventions, including specifying activities, personnel,
timelines, accountabilities, measurable milestones and
performance targets. Activities might include education
(using a broad range of methods such as feedback and
peer influence), financial incentives, new staffing and role
changes, even sanctions. The final stage would involve implementation, with monitoring achievement of milestones
and final evaluation of outcomes. The steps would be
designed and managed from “outside” the system, whether
by external change agents or researchers or members of
the practice taking on an “objective planner” perspective.
An alternative paradigm: complex responsive processes of
relating

Complexity concepts have become popular in offering a
different view of organizational reality that is relevant to
healthcare and how its pattern of organizing is changing
within the broader sociopolitical environment [24-27],
but are used in a variety of ways with more or less
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looseness in their application. Elsewhere, we have described in detail the fundamentals of complexity thinking
in relation to general practice and primary healthcare
organization, particularly core elements from the study of
complexity in the natural sciences: non-linear dynamics;
networks of agents and relationships; co-evolution; selforganisation; emergence; and edge of chaos dynamics
[28-30] (see Additional file 1 for expanded explanations).
At the same time we also critiqued loose translation of
complexity concepts into human organizing, (such as
self-organisation as empowerment, or edge of chaos as a
pejorative description of poor management) and argue
against the tendency to image organizations directly as
complex systems. This merely offers new jargon for approaches based on the dominant discourse of organization
as system, an object with properties represented by variables [31] Rather, we follow Stacey and others from the
Centre for Complexity and Management at the University
of Hertfordshire, who draw analogies from complexity
sciences in the light of modern pragmatist sociology and
psychology, in order to understand organisational reality as
complex responsive processes of human relating [32-35].
The non-linear networks of agents and relationships that
make up complex adaptive systems in natural sciences are,
in human organisational reality, analogous to groupings of
self-aware people (not variables), with their personal and social context, their current emotions and values, interdependent through continual involvement in communicative
interactions with each other and broader society. Their relationships are paradoxically enabling and constraining at the
same time, reflecting the power of social mores, hierarchies,
politics and culture. They need not be harmonious. These
relationships co-evolve, so that individuals and groups continually both influence, and are influenced by, each other.
Self-organisation is not mediated by externally pre-set rules
but is simply local interaction – processes of communicative
gestures and responses, power-relating and ideology-based
intending, choosing and acting. Order, what we commonly
identify and name as “the organisation” (and, indeed, society
as whole or part), emerges from these many, many local
interactions. Just as the dynamic of richly connected complex systems tends to the edge of chaos, so complex responsive processes of human relating exhibit paradoxical qualities
of stability and potential for radical transformation.
How would development of good chronic illness care in a
general practice be understood as complex responsive
processes?

Importantly, there might be no clear blueprint with readily
identifiable components or stages to match against the experience of change (though plans for change may well be
part of conversation in the practice). It might be hard to
identify discrete planning and implementing activity, let
alone objective planners, who are located outside the
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network and who are observing, making changes and
assessing impacts. Clear boundaries of the network of
agents and relationships involved in practice-level change
would be hard to define, since communicative interactions
both within and outside the practice would influence the
pattern of organizing. Both enabling and constraining
relationships would be identifiable and seen to influence
change. The whole would be difficult to sub-divide into
clearly defined parts for study and manipulation in isolation from the rest. Instead, we could expect changes in
one area to influence other areas, with potential for
reinforcement or opposition providing examples of disproportion between cause and effect. There might be
evidence of values-based choices that identifiably influence
responses to communicative gestures, and so shape the pattern of working that emerges as the practice “organisation”.
Change would be paradoxically predictable – it would
occur in any dynamic network – but unpredictable – the
trajectory and detail would be unknowable into the future,
and only readily discernible with hindsight.
Purpose of this research

In proposing complex responsive processes as a new explanation for how change might occur in general practice
and primary health care, it is important to test how theory
matches real life. We also need to explore whether this way
of thinking and speaking offers useful insights in an environment of continual health care improvement and reform.

Methods
Research design

Exploring change from a complexity perspective has
implication for research design, implicitly rejecting detached
observation. The phenomenon of interest can best be investigated from within the action in ways that are inherently
subjective and interpretive [36]. Further, a reductionist approach would restrict the scope of enquiry where the whole
is greater than the sum of the parts and would eliminate coevolution. Most research into healthcare improvement and
organisational change makes claims for knowledge based on
a post positivist stance [37], where causes are studied as determinants of effects and reduced to smaller subsets of ideas
for testing. Objective measurement is crucial and the purpose is to develop, test and refine theory. Exploring how
complexity thinking might inform our understanding of
organisational change demands different claims to knowledge. This study takes a pragmatic and constructivist approach which seeks understanding of everyday reality from
multiple participant meanings.
We used the qualitative approach of case study, “an
investigation of a contemporary phenomenon within its
real-time context, when the boundaries between the
phenomenon and context are not clearly evident and
multiple sources of evidence are used” [38]. The case was
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Data collection and methods

Multiple sources of data were used to examine the quality
of chronic illness care and to explore the understanding of
participants in how this evolved. Purposive sampling was
also used to determine the period of interest for the case,
when awareness of an evidence-practice gap in chronic illness care might arise. Medline was searched for articles
using the term “chronic disease management” and annual
counts made to determine the period over which it became prominent (Figure 1). Government initiatives during
this time were tabulated from Australian Government
Department of Health archives to provide a clear policy
context [40,41] (see Additional file 2). In-depth, semistructured interviews were conducted with all practice
staff (Table 1), guided by an outline covering a description
of the practice, how it was organized, and how it had
changed in the period of interest, particularly with respect
to organisation of chronic illness care. As well there was
direct observation over multiple visits of work processes,
facilities and interactions, and two practice meetings were
observed and recorded. All recordings were transcribed in
full. Practice documents (accreditation reports, policy and
procedures manual, recall register, appointments schedules) were also examined.
Data analysis

The ACIC provided a descriptive framework to validate
selection of the practice and to identify aspects of good
chronic illness care whose evolution warranted exploration. Pattern matching logic was used to compare the
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instrumental in providing insights into an issue, [39] in
this instance organisational change for better chronic disease management in general practice, and the purpose
was to explore the single case as a critical case to challenge the dominant discourse. This purpose was served
by using pattern-matching logic [38] to compare an empirically based pattern with two alternative predictions
(planned system change or complex responsive processes)
defined prior to data collection and articulated in the
Background section of the paper. We determined that the
phenomenon of interest – organisational change – required examination at both local and national levels of
analysis, so used an embedded, single case study design.
This paper presents the results of the local level of the
case. Given this rationale, selection was determined by the
potential for learning rather than representativeness [39]
according to two simple criteria: that the practice deliver
good chronic illness care, without being markedly atypical
in size, location, history or funding. Sampling was therefore purposive and convenience based through word of
mouth. A mid-sized practice with a reputation for wellestablished chronic illness care was recruited and visited
over a six month period in 2007.
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Figure 1 Medline citations using “chronic disease
management” as keyword 1984 – 2006, search conducted 16
February 2007.

reality of how change occurred to the two rival theoretical propositions outlined earlier in operational terms:
planned system change or complex responsive processes.
Transcriptions, field notes, documents and photographs
were entered into N’Vivo qualitative research software
(QSR International) for exploration in depth. Basic tree
codes were developed for the rival explanatory frameworks (planned system change and complex responsive
processes). Transcripts were coded using these tree
codes plus extensive free coding of any concepts related
to change and chronic disease care at the practice. These
were consolidated and merged into the existing and two
new tree codes – pattern of change and chronic disease
management. Initial coding was done by one author
Table 1 Staff of the practice at the time of the case study:
their roles and characteristics
Role

Age

Gender

Length of service

P1

Partner

>=40

male

>10 yrs

P2

Partner

>=40

male

>10 yrs

P3

Partner

>=40

female

>10 yrs

A1

Associate

>=40

female

>10 yrs

A2

Associate

>=40

female

>10 yrs

A3

Associate

>=40

female

5-10 yrs

R

Registrar

<40

female

< 5 yrs

BM

Business Manager

>=40

male

< 5 yrs

PN1

Practice Nurse

>=40

female

5-10 yrs

PN2

Practice Nurse

>=40

female

< 5 yrs

OM

Office Manager

>=40

female

< 5 yrs

R1

Receptionist

<40

female

< 5 yrs

R2

Receptionist

<40

female

< 5 yrs

R3

Receptionist

<40

male

< 5 yrs

R4

Receptionist

<40

female

< 5 yrs
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(BJB) and samples were reviewed by and discussed with
MFH and NZ.
Ethics

The study was approved by the University of New South
Wales Human Research Ethics Committee. All participants gave their informed consent to participate.

Results
In order to protect confidentiality, some practice and personal details have been changed where they are not crucial
to the exploration of the case study. Initially, we describe
the practice and how chronic illness was managed at the
time of the study – “the present”. We then examine the
“past” 23 year story of the practice, focusing on the development of the elements of good quality chronic illness care.
Finally, we return to the “present” of 2007 and explore the
participants’ understanding of how change occurred/occurs
and describe current patterns of interaction at the practice.
The practice and chronic illness care: the present

The practice is located in an inner city suburb with a
demographic of ageing working class immigrants and recent influx of younger middle class professional families. It
has five full-time equivalent GPs (three of whom own the
practice in a legal partnership), one full-time equivalent
practice nurse, a part-time business manager, full-time
office manager, and two full-time equivalent reception staff.
All staff consistently identified core values of the practice –
good quality care, ethical professional practice, and patients
come first – while also judging it to be a democratic and
friendly place to work. They saw clearly that these values
outweighed financial interests, but acknowledged that this
had been a source of tension at times.
Chronic illness care according to key elements of
ACIC is an explicit priority focus at the practice. The
doctors are aware of the burden of illness in their ageing
patient population and describe how these patients need
new ways of working, such as risk management, planned
care and follow-up, and patient self-management. Practice nurses play a key role as care coordinators. They
have their own appointments, conduct health assessments, help to prepare care plans, maintain registers, arrange reminders and conduct reviews. They also
undertake preventive, clinical and organisational tasks.
Financial and administrative arrangements support
chronic illness care. The business manager (BM) promotes
use of Medicare items for chronic illness care and works
with the office manager and nurses on appropriate care
processes. The different members of the practice team
have a reasonably clear and shared understanding of their
own and each others’ roles, which generally corresponds
to the organisational chart in the practice manual, with
the three partners clearly in the senior management role.
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Arrangements for delivery of care are reviewed as needed
at the monthly practice meeting.
The practice doctors utilize community resources, public
and private, to provide multi-disciplinary care. There is an
intentional process to maintain awareness of the role and
quality of such community-based services, including visiting
new services and discussion at the practice meeting. Practice
members participate in their local Division of General Practice (indeed, PN1 is used by the Division as a resource for
education about chronic illness care) and numerous professional networks.
Doctors and nurses work together to provide education
to help patients understand and participate in their own
management. Practice staff describe a strong culture of
patient-centeredness and clinical staff emphasize the need
to engage patients with chronic illnesses in learning how to
participate in their own care (although with variable success). The doctors are aware of a broad range of up-to-date
guidelines for management of chronic illness, although have
some reservations about the plethora of materials and the
robustness of the sources. They all participate in continuing professional development. The practice meeting is explicitly used to share individual learning and the meetings
observed revealed both wide knowledge and critical appraisal in the area of chronic illness care.
The practice uses a blended paper and electronic medical record system, with a register of patients with chronic
illness used to provide patient reminders. At the time of
data collection, they did not routinely evaluate their
chronic illness care through regular record audit. Two
principals (P1 and P3) were aware that this was desirable
and occurred in other practices.
Within the Australian context [42], this level of development in all aspects of the Chronic Care Model validates
the practice’s reputation for good quality chronic illness care.
Chronic illness care: how it developed

In this section we present both a chronological history
of change within the practice and exploration of how
and why it happened this way from the memories and
interpretation of the participants involved in the action.
Table 2 shows a detailed timeline of key developments at
the practice correlated with key developments in the
policy environment of general practice in Australia.
Foundation of the practice: the first ten years

In 1985, P1 bought the practice, selecting this one among
many because of its ethos that earning capacity was
not the primary consideration. P2 and P3, sharing the
same values, joined over the following five years and the
partners acquired, renovated and moved into purpose
designed premises in 1994. P3 came from an overseas
medical school with a progressive primary care program,
and was seen as an agent for change. The initial joining of
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Table 2 The story of the practice
Practice history

Year

P1 buys into practice

1985

Public context

1986
P2 buys out remaining
partner

1987
1988
1989

P3 joins as associate,
then partner

1991
1992

GP Strategy

1993

Better Practice Program,
Divisions of GP,
GP Research Program

1994

Record audit

1995

Ceased bulk billing

1996
1997

PN1 starts

Accreditation

Immunization strategy

1998
1999

Enhanced Primary
Care (EPC)

2000
2001

Asthma 3+ Plan

2002
Re-accreditation

2003

BM starts

2004

OM starts

2005

“Red Tape” report,
Medicare Plus,
nurse rebates,
simplified EPC

2006
Case study

had no existing referral networks among the local specialists, so she visited them to help establish her in a
new place. As a consequence, however, she thought that
this brought her (and the practice) to notice and meant
that they gained a reputation as interested and progressive, leading to her being approached to participate in a
quality improvement research project that was an early
initiative in Australian general practice reforms.
“Lots of things changing”: the next five years

1990

Move to new premises
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2007

the three principals, partly by chance but with shared
values, led to a continuing intention towards delivering
the best quality of care in the practice, which made them
open, even eager, to change:
P3: the theme of change and improvement … has
always been there… I mean P1 and P2 … if they knew
there was a better way, they wouldn’t actually choose
for conservative, to stay the way they are. If there was
a better way, they would go the better way.
PN1: they like to be seen to be a bit more cutting edge …
They like to be up front and like to be seen to be
progressive…
BM: …a very strong values system … that was nonnegotiable … always at the cutting edge of doing things
differently … this place was always leading the charge.”
The fact that P3 had trained overseas meant that she

This research project was seen by all three partners as highly
significant – each referred to it when asked how the practice
had developed into a leader in chronic illness care. It came
not long after the move in 1994, among many other memorable changes, some related to the research project – directly
or tenuously – and others apparently unrelated. The research involved a record audit of preventive care, including
Pap smear, immunization and HbA1c. The results revealed
rates lower than their anticipated excellence and this disturbed the partners. Having identified suboptimal care, the
project explored possible remedial actions, particularly setting up recall and reminder systems. This played out differently in each of the three preventive care areas.
Setting up a Pap smear register and reminder system
proceeded reasonably smoothly. Cervical screening was
topical and an area of interest for P3 and the research
team, and a way forward seemed clear:
P3: so ‘94 we didn’t have computers. Reflecting on
what we had to do we had to have computers
So, in 1996, the practice introduced computers for clinical work, well before the 1999 Australian Government
incentives for electronic management of clinical information in general practice.
The response to diabetes management through HbA1c
testing was a different story. Although P1 reported a personal revelation about the different requirements for managing patients with chronic illness, there was little change
in the pattern of how the practice delivered their care.
P1: I can give you the major change … the agenda of
the consultation [in chronic illness patients]
Q: What happened? One day did you just think
“Hmm, there’s a lot more chronic illness, I’ve got to
have my own agenda when patients come in”?
P1: Yes! There was actually a revelation … it’s that
sort of dis-ease, the discomfort that you live with when
you think that you’re not doing things well
Q: Mmm, so how does something like [planned care]
fit into that …was all that changed? – you just saw
things in a different way?
P1: Yes!
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Q: Did it just work immediately?
P1: No! (laughter).
The practice did, however, take action towards the end
of this period on the third focus area in the research
project – immunization – but this was in response to
other influences in addition to the audit. At the same time
as there was growing tension in the practice about financial matters (P2: …we got fed up with, um, constantly
feeling like we were battling to make any kind of living …
practicing the sort of medicine we did …), the Australian
Government introduced a new immunization strategy that
included incentive payments for general practice as well
as social marketing to encourage immunization. At the
practice, improving immunization became important both
to re-affirm their value of leadership in quality of care
and, at the same time, to provide some relief from their
financial stress. They also felt that the task might not be
too difficult, since the issue might be in the recording, rather than actual immunizations delivered.
The first practice nurse

As a consequence, in 1998, PN1 joined the practice, initially
to update the immunization records. The employment of
PN1, a senior nurse with some hospital management experience, was seen by P1, P2 and P3 as pivotal to many of
the changes that subsequently led to better chronic illness
management. However, there were slightly different interpretations from each of the principals and from PN1 herself
as to how this came about. She was, in fact, the wife of P2,
and according to him, flexible, part-time work at the practice was an ideal opportunity for her to “get out of the
house” [P2]. It was a fortunate coincidence that someone
who understood medical terminology and could find the
way around a medical record was available to help update
the immunization data. And then one thing led to another:
PN1: …it was then, oh no, no, we don’t want a nurse.
And then … do you know how to work the ECG machine?
oh yeah, I can do that. … oh do you want to work
another day? oh, well, you know, all right, for a few
hours… then what’s this Medicare change? I’ll read it and
I’ll let you know. So my role sort of went from just doing
the immunisations until … making sure things were done
for PIP and then accreditation came and it was like, do
you know what this means. And I said I’ll give it a go
However, PN1’s gradual increase in responsibilities was
not easy for some of the doctors.
P1: I remember distinctly, when PN1 started, and, she
started to do more I was very resentful. It was a huge
issue for me and I’m sure for a couple of the other
doctors of letting go. You know?
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Enhanced primary care and accreditation

As practice accreditation was gaining momentum, the
Australian Government launched the Enhanced Primary
Care (EPC) Program that provided insurance rebates for
planned chronic illness care – health assessments, case
conferencing and written care plans – outside the traditional fee-for-service structure of episodic, reactive, timebased consultations. PN1 was invaluable as the practice
decided to undertake its first accreditation and began to
work out how to use the new item numbers. Being one of
the first practices to be accredited was consistent with the
practice’s “ahead of the pack” culture:
Q: How did you decide to get accredited? One of the
first practices…
P2: I think we just felt like it was our duty to do it
yeah, I don’t know. Well it was tied up with PIP
payments and all that kind of thing as well so we
thought, good practices do it, we should you know,
maintain some sort of objective standard I suppose.
Accreditation was a key turning point for both PN1
and many of the processes for chronic illness care. It
gave PN1 a pivotal and important role, and it involved
considerable “tidying up” of existing processes. It was
disruptive and met with some resistance, but the end result was a sense that the practice had gained quite a lot
and PN1 was secure in a valued role for helping make
changes happen smoothly in the practice.
Q: who … brings things in from the outside or comes
up with new ideas?
A2: PN1, … she gets a lot of information sent to her on
new things …through the [local Division of General
Practice] …
The practice was now well placed to respond to further
government refinements of the EPC program, such as incentive payments for achieving more steps in the cycle of
care for chronic illness and including mental health within
the program. The next four years were ones of incremental changes, refining the use of EPC and easily navigating
the second accreditation cycle.
Attending to business

Despite this, the practice remained under financial pressure during 2000 – 2004. In particular, P3, as a female
GP with an interest in women’s health, tended to have
longer and more complicated consultations, but these
did not receive proportionally higher Medicare rebates,
limiting the fees that could be charged.
P1: P3 more than all of us, … was making the least
amount of money for the effort she was putting in, …
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but all of us had noticed that our incomes had not
done very well in the previous 3 or 4 or 5 years and P3
was the one who was feeling it most…
P3: you know it wasn’t sort of working for us
financially, and that was a bit uncomfortable, …We
were actually not making money, … you know, here
you are working day in, day out …
As a consequence, the practice brought in a small
business consultant, the cousin of P3’s husband, to review the financial situation. His analysis identified some
ways to improve cash flow, but he also suggested more
extensive changes to work processes and staffing to improve business viability and efficiency. He was subsequently engaged as an external, part-time business
manager. He negotiated new remuneration arrangements with the GP associates and reviewed how the
front office worked, encouraging more responsibility
among the receptionists. His stated aim for both was to
change the management style to improve teamwork:
BM: the non-clinical staff – there was all care, but no
empowerment … and the big change I’ve had is … to
empower the staff to become more involved and …
seeing themselves as … a critical part of the whole
team from start to finish.
It was a time of rapid change and discomfort, both for
staff and the partners.
BM: when I first came in, to introduce those changes,
they happened in a very short period of time and there
was a lot of pain about that and there was a lot of
reluctance [by partners] … to let go of decision-making…
Subsequent steps were to appoint an office manager and
second practice nurse, and to more clearly delineate their
roles to free the practice nurses from administrative tasks.
This allowed greater priority to be given to chronic illness
care, with more intentional and systematic use of the EPC
items, which carried significantly higher rebates. The office
manager and practice nurse then worked together to refine
processes to make this new staffing structure work.
OM: the staff out the front … they didn’t know what
all these things were and that, … care plans sometimes
took 45 minutes or an hour …It was chaos, it was
chaos, … so yeah it was like “no hang on a minute,
we’re just getting into a mess here”.…it wasn’t like a
formal meeting, it was more just “PN1 have you got 10
minutes?”, you know, “this isn’t working”.
And the process seemed to be successful.
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BM: So that’s a significant change … you can actually …
empower and give them the tools to make their decisions,
… then you start to see the improvements.
You …start to see productivity increase and you start to
see happier people and we’ve got a very happy workforce
here.
A3: … at the time we were all really cranky. I was
really cranky, I was you know about to leave really
cranky you know that sort of thing. And now I’m really
happy, …
R3: Everyone here sort of tries generally speaking to do
their best to … cooperate in getting what needs to be
done, done.…I did work for another medical practice
before this one … here … we work with the medical
staff rather than for them.
At the end of this period, the practice was effectively
in the form it was during the case study.
Participants understanding of change

The participants struggled to explain how their good
chronic illness care came about. They all described
plenty of change, but no-one could readily point to
a planned, targeted strategy for chronic illness care
(although there were several examples of planning, trialling and implementing improvements for more discrete
problems, such as handling pathology results). Some
(A2, R1 and R2) seemed content to focus on their personal story and how things worked in the present. Most
skipped about within the history of the practice and
across clinical areas, making connections and identifying key events or turning points in the way chronic
illness care developed. BM related a process of planning
and change to bring financing and staffing more in line
with modern business practice, and this had a significant impact on chronic disease management through
increasing use of the EPC items. Financial incentives
were important but not as a simple lever: there were
several nuanced understandings of how they influenced
change.
P1: I think that by far the biggest force for change has
been money, you know … incentives, … So if somebody
says you’re going to get and extra $300 to achieve 98%
immunisation rate rather than 95%, I think the $300
is not all that important but it becomes an interesting
exercise to see if you can achieve it. Because you know
that’s an area that you should be going, because it’s an
important thing to do, so if somebody else recognizes
that it’s an important thing to do I think…umm …it
can drive it in chronic disease management.
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Q: So why did you decide to get involved in EPC in the
first place then?
P2: Um I don’t know, well I can personally see the
advantages, … it um sits well with me ideologically
that the government is trying to do chronic care
properly and, and de-emphasise the acute reactive
kind of medicine. So for a start I thought the principles
were fine.”
A3: …actually getting the nurses involved in that
process, … and able to … write a sensible care plan ….
Q: So who made that happen?
A3: BM essentially …because it was a money making
exercise … I mean it’s useful for us because care plans
are a useful thing. But I think it was a financially
driven decision in many ways.
The financial incentives allowed for new way of
organising.
Q: Did the money make a difference?
P1: Yes! … not so much for the income but for the fact
that you feel you can support the appointment of a
nurse. That’s become important. … I mean, virtually
all our money goes into the employment of a nurse,
that we get from those extra items, …umm, but that’s
useful, yes.
Change in action: communication and planning

The dynamic of the practice meeting revealed the pattern of organizing that fostered change and improvements over the years. Matters were discussed according
to an agenda that began to be defined when the practice
meeting was scheduled. A dedicated space on a whiteboard in the staff room was left for the meeting agenda,
open to any staff member to add an item they felt at the
time was important to discuss. At the meeting, the person who had added the item opened the discussion, and
others joined in as they wanted. There were no formal
minutes, but if an item related to a problem, and it
remained unresolved at a subsequent meeting, it was
raised again for further discussion. Everyone at the meetings spoke freely and were listened to with interest and
respect, and clearly accepted that some matters would
be decided at the subsequent partners’ meeting.
During the 58 minutes of one practice meeting the following matters were dealt with: lunch; personal and collegial networking; administrative matters; clinical organising
around a new government screening program; review of
new community linkages; discussion of clinical information from continuing professional development; finance
procedures; and prescribing audit results. Although improving chronic illness care was nowhere explicit, the
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discussions attended to community resources, management guidelines, reminder processes and care outcomes
across a range of chronic conditions.

Discussion
The pattern and process of change

The overall pattern of change at the practice does not
reflect planned system change, either through incremental continuous quality improvement nor the episodic
transformation that might be anticipated from wholesale
redesign. Rather, it resembles a punctuated equilibrium,
more consistent with the power law of edge of chaos
dynamics where small changes occur frequently, larger
changes more rarely. In retrospect, it was possible to
identify key times of change and the influences at work
at the time. Apart from the Pap smear register and
staffing review, there was no obvious architect nor blueprint for much of the change that occurred. But it was not
simply random. It emerged in the interplay of intentions,
communicative gestures and responses, power relating
and values-based choices and actions of the partners,
practice staff and policy makers in a range of areas, including chronic illness care.
How does the dominant discourse of planned system
change match the story of the practice as it improved its
chronic illness care?

The research audit clearly identified evidence–practice
gaps that stimulated improvement activity, with prioritisation of Pap smears according to interest, political priority
and amenability to improvement. There was analysis of
underlying causes and a planned way forward – computerisation and establishment of registers. There was considerable influence from the external research team, which was
able to provide both objectivity and resources. Similarly,
financial viability was identified as a need, particularly for
P3, and that stimulated clear, planned improvement activity. BM, external to the practice, facilitated change by
identifying contributing factors, then formulating and
executing planned changes in staffing, remuneration and
office procedures. BM continues to sit largely “outside”
the practice in a part-time, off site role, providing review
of financial data and processes, with the ability to intervene through regular meetings and discussions. Both these
change processes occurred in areas that were quite easily
“bounded” – they could be analysed and altered without
too much interference from other aspects of the practice
(even though both had considerable flow-on effects to
chronic illness care). Other parts of the story fit the dominant discourse model less well. The response to the audit
results for immunization rates, for example, involved
rectifying a recording problem rather than strategies to
improve immunization rates, although this flowed on to
have profound effects for chronic illness care. In contrast,
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the specific results that showed poor chronic illness care,
sub-optimal HbA1c recording, made the partners want to
respond and improve, without any specific planning or
improvement activity resulting.
How is the story of the practice understood as complex
responsive processes of human relating?

Co-evolution is an important complexity element in the
story. Key aspects of good chronic illness care developed
as a consequence of efforts in unrelated areas – both
clinical and business. Robust linkages with community
services developed in large part because a new doctor in
the practice felt the need to establish a referral network
to manage patients’ episodic care. An unrelated consequence was involvement in the research audit, which did
not stem from a specific plan for improvement. Computerisation and capacity for patient registers arose initially
from efforts to improve Pap smear rates. Electronic records and registers were refined in seeking better data
on immunization to qualify for incentives, which also
led to employment of a practice nurse, whose role and
status grew through her management of accreditation.
The need to improve financial viability through modernising business practices led to re-structuring administrative and financial processes to give priority to chronic
illness care.
Non-linearity is also apparent. Participants themselves
could not identify a clear pathway leading to improved
processes for chronic illness care. Yet they clearly remembered a will and intent for change in this and could,
in retrospect, identify the contributing influences to
their current state. Sensitive dependence on initial conditions is evident from the pervasive influence of the
foundational values of the practice partners, which have
remained clearly articulated and understood throughout
their story. As Crabtree et al. also concluded from their
15 year program of research [27] another practice in
similar demographic setting with similar size and
makeup could clearly take a very different trajectory over
25 years’ of evolution. Disproportion between cause and
effect is demonstrated in the profound impact on
chronic illness care from hiring a practice nurse to clean
some data and provide convenient employment for a
partner’s wife at a particular stage of family life.
The network of agents and relationships of which the
practice is part is somewhat difficult to define, with
communicative interaction between staff at the practice
but also with local, regional and national general practice institutions. Policy initiatives also form part of the
communicative interactions to which members of the
practice are responding. In complex adaptive systems,
the richness of relationships is an important factor in
movement to the edge of chaos where transformational
change and emergence of new order become more likely.
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Power-relating, both constraining and enabling at the
same time, was evident in the paradoxical tensions felt
within the practice by the employment and expanding
role of the practice nurse. P1’s response to a perceived
threat may well have been constrained by PN1’s relationship to P2, opening up potential for PN1 to take on new
roles and responsibility. Similarly, there was tension in
the circumstances of employing BM and the changes
this brought, but the constraining needs of P3 and her
relationship with BM may have facilitated this rather intrusive and difficult period of change. As well, the ethos of
democracy communicated by the partners intentionally
facilitates open communicative interaction among all staff.
Ideology-based choice was evident as an important influence in self-organisation in two main areas. Firstly, the
response to the research audit results reflected the value
of seeking to be at the forefront of quality. The response
of doctors in other practices without this ethos might
well have been denial or indifference. Secondly, the attitude to financial incentives is informative. Both P1 and
P2 interpret the financial incentives in government policy
initiatives as “communicative gestures”. They are powerful
gestures, carrying significant advantages for the practice,
as acknowledged, somewhat equivocally, by the partners.
But they also communicate commitment and government
values, which appeals at another level. The response of the
practice partners is to respond to the values-based communication, while appreciating the benefits largely realised
by the business manager’s somewhat different response.
Other doctors, in other practices, with different values,
might respond quite differently.

Conclusions
This empirical comparison of the everyday reality of longterm change, in which one general practice developed good
quality chronic illness care, confirms the conclusion of
Suchman [43] that the dominant discourse of planned, stepwise change in strategically targeted areas of practice activity
provides an inaccurate explanation of healthcare improvement. Complex responsive processes of relating, where communicative interaction, power-relating and ideology-based
intending, choosing and acting produce patterns of organizing that are paradoxically stable and changing, helps to make
sense of the evolution of the practice in ways that were not
random, but also not according to a conventional linear
blueprint for improvement. However, these different understandings of change are not an either/or dichotomy, as even
the analytic method of pattern matching logic would suggest.
Both are visible and not mutually exclusive in the change
and improvement in this practice.
This study looks at organisational change for healthcare
improvement at the practice level over a longer time
frame than most empirical studies. This did not appear to
challenge the recall of participants and was sufficient to
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discern the pattern of change to test the common prescription for how improvement should occur. The depth
of exploration in all its particularity also reveals commonalities to help in broader understanding and learning.
What are the implications of understanding organisational
change as complex responsive processes of human relating?

At the local level, those in general practice who strive to
respond to constant calls for improving care may find both
reassurance and encouragement from the complexity-based
conclusion of Westley, Zimmerman and Patton [44] that
innovation “demands simultaneously that we set a course,
move to action and relinquish the idea that we can control
the outcome” (p223). Reassurance, since the complexity lens
validates real efforts that did not seem to reach the desired
goal; encouragement, because non-linear dynamics always
hold the potential for transformation. Understanding coevolution acknowledges the need for flexibility of improvement plans in response to everyday reality, at the same time
promoting awareness of both collateral benefits and unintended consequences. The inherent unpredictability of the
trajectory of future change focuses attention on ethical dealing in the everyday present, which should not be subordinated to uncertain future goals.
Leaders and researchers need also to reflect on such implications. As they plan and act to foster healthcare improvement, they are simultaneously “in control” and “not
in control” of general practice [45]. There is no suggestion
to abandon planning, policy-making or researching, but
there could be benefits in a shift in emphasis to allow more
tolerance for local adaptation. Evaluation should take account of collateral benefits, unintended consequences and
what has been learned along the way, not only enumeration of discrete achievements along a pre-specified trajectory. Time lines may need to be longer to allow for coevolution and the multiple attempts and circuitous
routes that non-linear dynamics suggest. Drawing analogies from complexity sciences and interpreting them
through modern sociology and psychology as complex responsive processes of relating can enrich understanding of
policy and funding initiatives. They are communicative gestures that will evoke a wide variety of responses, based on
power relationships and values-based choice, in general
practices across the country. Ensuring and making clear the
alignment between principles and purpose of the gesture,
and its inherent power (such as financial incentives, regulations or sanctions), may influence the responses from which
will emerge changing patterns of organizing.
A complexity perspective inherently precludes outlining
any alternative prescription for implementing research findings in general practice to replace the dominant discourse. It does, however, suggest shifts in thinking and
speaking about how health care in general practice might
improve to meet changing needs and research findings.

Page 11 of 12

The current discourse can lead to frustration with the lack
of anticipated progress and escalating intensity to seek
ways to ensure certainty of outcomes. Understanding and
learning from
a complexity perspective helps to make
experience of healthcare improvement more intelligible
and less anxiety-provoking for leaders, researchers and
participants.

Additional files
Additional file 1: Expanded explanations of key complexity
elements from natural sciences [31-33].
Additional file 2: Key Commonwealth (National) Health Policies
relevant to chronic illness care in Australian General Practice [40,41].

Abbreviations
A (1 2 3): Associate doctor at the practice; ACIC: Assessment of Chronic
Illness Care; BM: Business Manager at the practice; EPC: Enhanced Primary
Care; OM: Office manager at the practice; P (1 2 3): Partner doctor at the
practice; PIP: Practice Incentives Program; PN (1 2): Practice nurse at the
practice; Q: Questions by interviewer; R (1 2 3): Receptionist at the practice.
Competing interests
The authors declare that they have no competing interest.
Authors’ contributions
BJB designed the study, carried out the practice visits and interviews,
analyzed the data and drafted the manuscripts. NZ and MFH participated in
the design of the study, reviewed coding and data analysis and critically
reviewed sequential drafts of the manuscript. All authors read and approved
the final manuscript.
Acknowledgements
The authors thank the practice staff for their time and for their openness in
sharing their experience to help give insight into the story of the practice
and how it changed over time. We also thank Dr Jan Ritchie for valuable
comments on the manuscript.
This study was supported in part by a Faculty Research Grant from the
Medicine Faculty, University of New South Wales, to provide partial funding
during data collection for BJB.
Author details
1
Centre for Primary Health Care and Equity, School of Public Health and
Community Medicine, University of New South Wales, Sydney, NSW 2052,
Australia. 2School of Public Health and Community Medicine, University of
New South Wales, Sydney, NSW 2052, Australia.
Received: 17 December 2012 Accepted: 12 April 2013
Published: 23 April 2013
References
1. Bodenheimer T, Wagner EH, Grumbach K: Improving care for patients with
chronic illness: The chronic care model part 2. JAMA 2002,
288:1909–1914.
2. Eccles MP, Grimshaw JM: Selecting, presenting and delivering clinical
guidelines: are there any “magic bullets”? Med J Aust 2004,
180(Suppl 6):S52–S54.
3. Booth BJ, Snowden T, Harris MF, Tomlins R: Safety and quality in primary
care: the view from general practice. Aust J Prim Health 2008, 14:19–27.
4. Berwick DM: From measuring to managing the improvement of
prevention. Am J Prev Med 1995, 11:385–387.
5. Reason J: Human error: models and management. BMJ 2000, 320:768–770.
6. National Institute of Clinical Studies: Adopting Best Evidence in Practice.
Med J Aust 2004, 180(Suppl 6):41–72.
7. Veterans Health Administration: A state-of-the art conference on
implementing evidence in health care. J Gen Intern Med 2006, 21(2):1–70.

Booth et al. BMC Family Practice 2013, 14:51
http://www.biomedcentral.com/1471-2296/14/51

8.

9.
10.
11.

12.

13.

14.

15.

16.
17.
18.
19.

20.
21.
22.
23.

24.
25.

26.
27.

28.

29.
30.
31.
32.
33.
34.

Batalden P, Davidoff F: Knowledge for improvement: Proceedings of the
Vin McLoughlin Colloquium on the Epistemology of Improving Quality,
12–16 April 2010. Cliveden UK. BMJ Qual Saf 2011, 20(Suppl 1):i1–i105.
Woolf SH: The meaning of translational research and why it matters.
JAMA 2008, 299:211–213.
Straus SE, Tetroe J, Graham I: Defining knowledge translation. CMAJ 2009,
181:165–168.
McKibbon KA, Lokker C, Wilczynski NL, Ciliska D, Dobbins M, Davis DA,
Haynes RB, Straus SE: A cross-sectional study of the number and
frequency of terms used to refer to knowledge translation in a body of
health literature in 2006: a Tower of Babel? Implementation Sci 2010, 5:16.
Schouten LMT, Hulscher MEJL, van Everdingen JJE, Huijsman R, Grol RPTM:
Evidence for the impact of quality improvement collaboratives: a
systematic review. BMJ 2008, 336:1491–1494.
Evenson AE, Sanson-Fisher R, D’Este C, Fitzgerald M: Trends in publications
regarding evidence-practice gaps: A literature review. Implementation Sci
2010, 5:11.
Leykum LK, Parchman M, Pugh J, Lawrence V, Noël PH, McDaniel RR: The
importance of organizational characteristics for improving outcomes in
patients with chronic disease: a systematic review of congestive heart
failure. Implementation Sci 2010, 5:66.
Grimshaw JM, Thomas RE, MacLennan G, Fraser C, Ramsay CR, Vale L, Whitty
P, Eccles MP, Matowe L, Shirran L, Wensing M, Dijkstra R, Donaldson C:
Effectiveness and efficiency of guideline dissemination and
implementation strategies. Health Technol Assess 2004, 8:6.
Senge P: The Fifth discipline: The Art and Practice of the Learning
Organization. Sydney: Random House; 1992.
Stacey RD: Complexity and organizational reality. London: Routledge; 2010.
Kitson A, Straus SE: The knowledge-to-action cycle: identifying the gaps.
CMAJ 2009, 182:E73–E77.
Freund T, Wensing M, Mahler C, Gensichen J, Erler A, Beyer M, Gerlach FM,
Szecsenyi J, Peters-Klimm F: Development of a primary care-based complex
care management intervention for chronically ill patients at high risk for
hospitalization: a study protocol. Implementation Sci 2010, 5:70.
Knight A: The collaborative method. A strategy for improving Australian
general practice. Aust Fam Physician 2004, 33:269–274.
Shojania K, Grimshaw J: Evidence-based quality improvement: the state of
the science. Heal Aff 2005, 24:138–150.
Bodenheimer T, Wagner EH, Grumbach K: Improving primary care for
patients with chronic illness. JAMA 2002, 288:1775–1779.
Bonomi AE, Wagner EH, Glasgow RE, VonKorff M: Assessment of Chronic
Illness Care (ACIC): A Practical Tool to Measure Quality Improvement.
HSR: Health Services Research 2002, 37:791–820.
Plsek PE, Greenhalgh T: Complexity Science: The challenge of complexity
in health care. BMJ 2001, 323:625–628.
Stroebel CK, McDaniel RR, Crabtree BF, Miller WL, Nutting PA, Stange KC:
How Complexity Science can Inform a Reflective Process for
Improvement in Primary Care Practices. Jt Comm J Qual Patient Saf 2005,
31:438–446.
Kernick D: Wanted – new methodologies for health services research. Is
complexity theory the answer? Fam Pract 2006, 23:385–390.
Crabtree BF, Nutting PA, Miller WL, McDaniel RR, Stange KC, Jaen CR,
Stewart E: Primary Care Practice Transformation is Hard Work: Insights
From a 15-year Development Program of Research. Med Care 2011,
49(Suppl 1):S28–S35.
Booth BJ, Zwar N, Harris M: A complexity perspective on health care
improvement and reform in general practice and primary health care.
Aust J Prim Health 2010, 16:29–35.
Waldrop MM: Complexity: the emerging science at the edge of order and
chaos. New York: Simon & Schuster; 1992.
Kauffman S: At Home in the Universe. New York: Oxford University Press;
1995.
Rickles D, Hawe P, Shiell A: A simple guide to chaos and complexity.
J Epidemiol Community Health 2007, 61:933–937.
Stacey RD, Griffin D, Shaw P: Complexity and management: fad or radical
challenge to systems thinking? London: Routledge; 2000.
Shaw P: Changing conversations in organizations: a complexity approach to
change. London: Routledge; 2002.
Stacey R, Griffin D: A complexity perspective on researching organizations.
London: Routledge; 2005.

Page 12 of 12

35. Molwes C, van der Gaag A, Fox J: The practice of complexity. Review,
change and service improvement in an NHS department. J Health Organ
Manag 2010, 24:127–144.
36. Stacey R: Tools and Techniques of Leadership and Management. Meeting the
challenge of complexity. London: Routledge; 2012.
37. Creswell JW: Research Design: qualitative, quantitative and mixed methods
approaches. Thousand Oaks: Sage; 2003.
38. Yin RK: Case study research: design and methods. Newbury Park: Sage; 1989.
39. Stake RE: Case Studies. In Handbook of Qualitative Research. 2nd edition.
Edited by Denzin NK, Lincoln YS. Thousand Oaks: Sage Publications;
2000:435–454.
40. Department of Health and Family Services: General practice: changing the
future through partnerships. The report of the General Practice Strategy Review
Group. Canberra; 1998.
41. Australian Government Department of Health and Ageing Media Release
and Speech Archive: Canberra. http://www.health.gov.au/internet/main/
publishing.nsf/Content/Media+release+and+speech+archive-1 accessed 10
March 2010.
42. Glasgow N, Zwar N, Harris M, Hasan I, Jowsey T, Ch 8: Australia. In
Managing Chronic Conditions: Experience in eight countries. Edited by Nolte E,
Knai C, McKee M. Copenhagen: European Observatory on Health Systems
and Policies Series No 15.World Health Organisation Regional Office for
Europe; 2008.
43. Suchman AL: Organizations as Machines. Organizations as Conversations.
Two Core Metaphors and Their Consequences. Med Care 2011,
49(Suppl 1):S43–S48.
44. Westley F, Zimmerman B, Patton MQ: Getting to maybe: how the world is
changed. Toronto: Random House; 2007.
45. Streatfield PJ: The paradox of control in organizations. London: Routledge;
2001.
doi:10.1186/1471-2296-14-51
Cite this article as: Booth et al.: Healthcare improvement as planned
system change or complex responsive processes? a longitudinal case
study in general practice. BMC Family Practice 2013 14:51.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

BioMed Central publishes under the Creative Commons Attribution License (CCAL). Under
the CCAL, authors retain copyright to the article but users are allowed to download, reprint,
distribute and /or copy articles in BioMed Central journals, as long as the original work is
properly cited.

